. Archeologists are interested in dating the age of varnishes in order to place petroglyphs carved into varnish by ancient cultures into their full historical context (Stasack et al., 1996; Dietzel et al., 2008) . Geomorphologists have attempted to date landforms and surfaces using the age of desert varnish on rocks present on these land surfaces (Friend et al., 2000; French and Guglielmin, 2002) . Early suggestions that the thickness of varnish indicated age have been thoroughly discredited (Liu and Broecker, 2000; Dorn, 2007) . Attempts to directly date varnish include the cation-ratio method of Dorn (1983 Dorn ( , 1989 and various radiogenic methods (Phillips et al. 1991; Watchman, 2000; Dorn, 1996 Dorn, , 1997 . However, radiometric dating of varnish itself has not proven possible because varnish contains little carbon and some is recycled (Dorn 1996; Broecker and Liu, 2001) , and its near-unity ratio of 232 Th/ 238 U activity precludes 230 Th dating (Broecker and Liu, 2001) . Likewise, the cation-ratio method of Dorn (1983) has been shown to have significant problems (Reneau and Raymond 1991; Bierman and Gillespie, 1994) .
The best constraints on the age of rock varnish have come from dating the rocks beneath the varnish such as lava flows (Liu, 2003 , Phillips, 2003 or associated carbonates (Dragovich, 1988; Liu et al., 2000) . Using these constraints, Liu et al. (2000) suggest that rock varnish may provide a record of paleoclimate. Variations in Ba and Mn concentrations, which produce color banding in ultrathin sections examined by transmitted light, are believed to reflect fluctuations in wetness of the environment and thus provide a proxy for climate change (Liu et al. 2000, Broecker and Liu, 2001; Liu and Dorn 1996) . Manganese-rich layers are believed to have formed during wetter periods (Broecker and Liu, 2001) , and the microstratigraphy has been correlated to climatological records in the southwestern U.S. (Liu et al., 2000; Friend et al., 2000; Broecker, 2007, 2008) , Australia (Lee and Bland, 2003) and the Sahara (Zerboni, 2008) .
However, although the microstratigraphy can be correlated on a regional scale (Liu and Broecker, 2000) , on a single rock surface, varnish may exhibit variations in overall thickness and composition of microlayers, from hundreds of micrometers in thickness in microbasins and depressions to near nonexistence on neighboring surfaces, all on a scale of millimeters to centimeters laterally. Such extreme spatial change suggests variability in accretion rates, coupled with variable removal, temporally, by abrasion, spalling, compaction, and chemical leaching that may reduce the original thickness (Krinsley, 1998 , Dragovich, 1988 Liu and Broecker, 2000) .
Using careful dating of the underlying surface, Liu and Broecker (2000) document varnish growth rates of 1 to 40 µm/ky in the southwest U.S. The oldest samples have the slowest rates, with all samples ≥ 50 ka having rates ≤ 2 µm/ky, while the youngest sample (1.5 ka) has the fastest rate of 40 µm/ky (Liu and Broecker, 2000) . Some workers have focused on the lower end of this range, citing a few microns/ky (Broecker and Liu, 2001; Dorn 2007a,b; Krinsley et al., 2009) ; while others cite the entire range (Kuhlman et al., 2006 (Kuhlman et al., , 2008 Liu and Broecker, 2008) . Dorn and Meek (1995) note varnish formation on iron slags only 40 years old. These rapid growth rates have important implications for the formation of rock varnish.
LEAD IN ROCK VARNISH
Elevated lead levels in rock varnish have been reported by a number of workers. Dorn (1998) Wayne et al. (2007) found values of up to 0.296 wt% Pb in the surface layers of varnish from the Four Corners region (U.S.A.) and attributed the high values to proximity to several large coal-fired power plants. Broecker and Liu (2001) report up to 20000 ppm (2 wt%) Pb in the outermost 10-20 µm of a varnish from eastern California. They attribute the 20 µm depth as an artifact and instead consider the lead to be from leaded gasoline and contained in the outer 1 µm of the varnish. Fleischer et al. (1999) also report a 10-fold enrichment (no numbers given) in lead from eastern California which they attribute to anthropogenic input from unidentified smelters. In all of these studies, the lead is considered to be in the outermost layers and is attributed to anthropogenic sources. 
